Abstract-The paper presents the problem of triaxial stabilization of the angular position of a rigid body. The possibility of implementing a control system in which dissipative torque tends to zero over time and the restoring torque is the only remaining control torque is considered. The case of vanishing damping considered in this study is known as the most complicated one in the problem of stability analysis of mechanical systems with a nonstationary parameter at the vector of dissipative forces. The lemma of the estimate from below for the norm of the restoring torque in the neighborhood of the stabilized motion of a rigid body and two theorems on asymptotic stability of the stabilized motion of a body are proven. It is shown that the sufficient conditions of asymptotic stability found in the theorems are close to the necessary ones. The results of numerical simulation illustrating the conclusions obtained in this study are presented.
INTRODUCTION
In control problems related to attitude motion of a body with respect to its center of mass, control system operation is, as a rule, based on restoring torques. Stabilization of the body attitude, however, is impossible without damping torques, which provide damping of self-oscillations of the body in the neighborhood of the stable equilibrium. It was noted in [1] that the choice of the method for creation of the damping torque and the development of a particular damping mechanism is one of the main problems to be solved in practical implementation of body orientation systems. Moreover, since the resources of reactive control systems are limited, a reasonable question on the feasibility of such control systems in which the dissipative torque tends to zero over time arises.
A more general formulation of the problem implies that there exists a mechanical system with an asymptotically stable equilibrium position. The dissipative forces in the system evolve with time, which is expressed in the appearance of the scalar factor h(t) defined for all t ≥ 0 at the vector of these forces. The problem of preservation of asymptotic stability of the equilibrium position in spite of the evolution of dissipative forces is put forward.
The analysis of stability of mechanical systems with a nonstationary parameter at the vector of dissipative forces was considered in many papers (see, e.g., [2] [3] [4] [5] [6] [7] [8] and references therein). It was noted in [5] that the case of vanishing damping corresponding to h(t) → 0 at t → +∞ is the most complicated one, and the results obtained in this case mainly consider mechanical systems with one degree of freedom.
A number of conditions of asymptotic stability of the equilibrium position for mechanical systems with arbitrary dimensions under the action of potential, gyroscopic, and vanishing with time dissipative forces were established in [9] [10] [11] . In [11] the problem of uniaxial stabilization of a rigid body under these conditions was also solved.
This study continues the research started in [9] [10] [11] ; it is devoted to the solution of the problem of triaxial stabilization of a rigid body in the conditions of the dissipative torque vanishing over time which was not considered before. (1) where J = diag{A, B, C} is the tensor of inertia of the body in the coordinate system Oxyz.
MECHANICS
Let three trios of mutually orthogonal orts , , , and , , be defined. The position of the orts , , is invariable in the inertial space, while the orts , , are invariable in the body. Then the vectors rotate with respect to the system Oxyz with the velocity . Therefore, we can write (2) Thus, we consider the system consisting of dynamic Euler equations (1) and kinematic Poisson equations (2).
Let us assume that the torque is comprised of the dissipative component and the restoring component , .
The dissipative torque is given by the formula = , where is the continuously differentiable for positive definite homogeneous function of order μ + 1, μ ≥ 1. Remark 1. In this study, according to [12] , the function is called homogeneous of order μ + 1 if, for any λ > 0 and , the following equality holds: . Note that, in a number of works (see, e.g., [13] ), the term "positive homogeneity" is used for functions with the above property.
The restoring torque should be chosen in such a way that the torque provides triaxial stabilization of the body [14] : system of equations (1), (2) should have the asymptotically stable equilibrium position (3) It is known [14, 15] that the restoring torque can be defined by the following formula in order to solve the problem of triaxial stabilization:
where a 1 and a 2 are positive constants. The restoring torque in the case of electrodynamic stabilization of a body is reduced to the same form [16] [17] [18] [19] [20] .
Let us now consider the case of the dissipative torque evolving over time, which is expressed in the appearance of the scalar factor h(t), = . Thus, system (1) takes the form (4) Let us assume that h(t) is positive continuously differentiable for t ≥ 0 function.
It follows from the results obtained in [14, 15] that, if there exist the numbers h 1 > 0 and h 2 > 0 for which the estimates h 1 ≤ h(t) ≤ h 2 are satisfied for t ≥ 0, then equilibrium position (3) of system (2), (4) is asymptotically stable.
It was noted in [5] that it is of interest to study the most radical types of evolution corresponding to the cases of either vanishing or unlimitedly growing with time dissipative torque. In this study, we consider the case (5)
